To examine the aesthetic properties of pantyhose, an image analysis and wear experiment were carried out. We analyzed both the area ratio of light, medium, and dark lightness areas and the position of three areas in the distribution of lightness difference between legs with and without pantyhose fabric. The data was used to determine what effect these two variables have on the visual appeal of legs in pantyhose. Moreover, we examined the relationship between pantyhose size and women's leg size on the attractiveness of legs in pantyhose made from single covered yarn with colored polyurethane core yarn. The results showed that, for the enhanced visual appeal of legs in pantyhose, (1) the area ratio and position of three areas in the distribution of lightness difference were very important factors; (2) it was desirable to design and produce the appropriate size of pantyhose for various sized legs in order to enhance their attractiveness.
Introduction
Pantyhose (hereafter, "PS") function to make woman's legs appear more attractive, but young women wear them less often now that bare legs have become fashionable. However, since the beginning of time, women have yearned to look beautiful, and nowadays they demand PS that enhance the attractiveness of their legs. PS currently on the market is generally knitted from single covered yarn (SCY) with combined polyurethane core and nylon covering yarns. In these PS products, the polyurethane yarn mainly has the two functions of shaping and fitting the PS to the leg, and the nylon yarn has its own two functions involved with the dyeing and sheerness of the PS. However, the PS now available on the market, particularly with regard to the visual appeal of the leg clad in them, are not yet satisfactory to meet women's expectations, so various investigations and developments have been attempted to address these problems. Until now, various authors have published a number of papers on the performance and comfort of PS [1−5] .
We are studying the aesthetic properties of PS not only from the vantage point of consumerism, but also from the viewpoints of textile and kansei engineering [6−17] . In order to give women the look of bare legs along with the formality of PS, we designed and produced a new PS made from SCY with a colored polyurethane core yarn [12−17] . In our previous papers, it was found that the gradation of lightness is an important factor for enhancing the attractiveness of legs clad in PS, and that colored polyurethane core yarn is useful for improving visual appeal. Differences in the distribution of lightness between legs with and without PS fabric and the distribution of light, medium, and dark areas are also very important factors for enhancing the threedimensional appeal of legs in PS [12, 13] . In addition, a survey on what makes a leg beautiful was conducted among over one hundred Japanese women, and two-and three-dimensional images of attractive legs in PS were analyzed. Simultaneously, the effects of the fineness of the colored polyurethane core yarn and the fineness and level of coverage of the nylon covering yarn on the visual appeal of legs in PS were clarified by means of a wear experiment. Finally, we concluded that, in comparison with PS presently on the market, our newly-developed PS is likely to have more beautiful appeal for Japanese women [14] .
However, the attractiveness of legs in PS is affected not only by the area ratio but also the position on the leg of three areas with varying levels of light or darkness. And, since the experimental results were obtained by considering a typical medium-sized Japanese woman's legs clad in a medium size of PS, it is necessary to investigate the relationship between PS size and a woman's leg on the visual appeal of legs in PS. Although PS size is mainly divided into four or five classes as defined by the Japanese Industrial Standard (JIS), most manufacturers usually produce only one size of PS in the range of each class. In the standard, PS is classified into the sizes based on height and hip measurement and in the medium-sized PS, these range are 150-165 cm and 85-98 cm, respectively. Furthermore, although women consumers obviously have various sized legs within the range of medium size PS, they are currently limited to only the one size of PS now available on the market.
In this paper, to assess the beauty of legs clad in our newly-developed PS, we analyzed the effects of the area ratio and the positions of three levels of lightness in the distribution of lightness difference and the relationship between a woman's leg and a medium size pantyhose.
Background for visual appeal of leg in pantyhose

1 Idealized model of beauty
To enhance the beauty of legs clad in PS, it is important to approximate the beauty of bare legs and to make an attractive appearance. In the average human leg, the ankle is narrower than the thigh in circumference and/or width. Accordingly, a slender inverted trapezoid wider at top and narrower at the bottom was adopted as a two-dimensional idealized model of a leg in PS. First, to approximate the beauty of bare legs, the difference in lightness between legs with and without PS fabric on the entire leg must be considered in promoting the sheerness of legs in PS. It is assumed that the distribution of lightness takes a triangular form. Secondly, to arrive at the optimal effect, a study of the three-dimensional attractiveness of legs in PS is necessary and, for this model, the simplest gradational expression using three degrees of lightness--light, medium and dark--was used. Thirdly, to enhance visual appeal, a golden section (known as 1 : 1.618 or 3 : 5) is introduced into the three levels of lightness on the leg overall [14] . However, the attractiveness will vary with the area ratio and position of the three differing areas of lightness on the legs wearing PS. Figure 1 shows the relationship between the position of the three differing areas of lightness and the gradation for three-dimensional appeal. In the basic expression shown in Fig. 1 (1), two small circles in big squares have the same area and different color from each other. Obviously, the gradation effect of the same gray zone of shadow differs according to the positions of the black and white areas. The same sort of variation will occur in the model of a leg clad in PS with the same area of each color. In Fig. 1 (2), the leg model has a convex expression due to the progression from dark on the outside to light in the center. This color arrangement enhances the three-dimensional slender effect of the leg in PS because the bare leg has a convex shape in its natural state. On the other hand, in Fig. 1(3) , the leg model has a concave expression with dark in the center and light on the sides, which detracts from the three-dimensional slender appearance of the PS clad leg.
It is assumed that an idealized model of a beautiful leg in PS has a triangular distribution of lightness and three different degrees of lightness leading into a golden section. When the entire leg area being 100 %, the area ratio of the three different gradations of light, medium and dark is 30, 40 and 30 %, respectively. And the position of the three levels of lightness on the whole leg model will be in the configuration shown in Fig. 1 (2) .
Therefore, it is considered that the beautiful appeal of legs in PS can be evaluated by analyzing the area ratio and relative positions of the areas of light, medium, and dark in the overall distribution of lightness on the actual leg.
2 Attractive leg image
To discover what women believe constitutes an attractive leg, a survey was conducted on one hundred sixty-four Japanese females, ranging from twenty to fifty years old [14] . In the survey on two-dimensional image, the women drew freehand sketches of their own individual image of an attractive leg. Thereafter, when each two-dimensional sketch 34 WAKAKO Lina, MATSUMOTO Yo-ichi, KANAI Hiroyuki, NISHIMATSU Toyonori, KIMURA Hirokazu, MOROOKA Hideo portraying the leg as a slender inverted trapezoid was filled in with three colors of white, gray, and black to represent the light, medium and dark lightness areas, a three-dimensional leg image was completed with a gradational expression. According to the Japanese women's image of an attractive leg, the mean area ratio of light, medium, and dark lightness was 47.6 : 26.5 : 25.9 % and the position of the three areas of lightness was the same configuration as shown in Fig. 1(2) .
The idealized model is the final model of beautiful leg in PS and the attractive leg image is determined by the Japanese women's beauty. The attractiveness of legs in PS will be affected not only by the area ratio but also the position on the leg of three areas with varying levels of light or darkness. In evaluation of the visual appeal of legs in PS, if the legs in PS have the same ratio of light, medium, and dark areas, the difference in visual appeal brings about changes in the relative position of these three areas. In this way, we consider to estimate the visual appeal of a leg in PS by means of the area ratio and position of the three areas on the leg.
Materials and methods
1 Samples [14]
SCY as yarn samples were produced from a combination with polyurethane yarn (33 dtex / 3 filaments, colored and uncolored) as the core yarn and nylon yarn (7 dtex / 5 filaments, uncolored) as the covering yarn by controlling the covering levels of 1,600 turns/m with the draw ratio of the core yarn = 3.3. The PS samples were circular plain knitted fabric to cover the entire leg from thigh to toe, and knitted under a constant condition. The color value of each PS sample was measured by a colorimeter (MINOLTA CM-2600d) under a condition of sixteen layers of PS fabric.
2 Subjects
In a wear experiment, the bare legs of three Japanese female students, ranging in age from twenty-one to twentyfour years old, served as subjects. Their skin tones are shown in Fig. 2 . Table 1 lists the dimensions and color values of their legs. Three kinds of legs within the range of medium size PS are defined as follows: On the medium leg (denoted by "MM") shown in Fig. 2 , the size of each leg part is approximately equal to that of the ordinary Japanese female [18] . The large leg, (denoted by "ML") has a slender and longer shape than the MM leg and the small leg (denoted by "MS") has a rounder and shorter form. The labels represent the length of the leg measured from thigh to ankle. After the subjects had put on the medium-sized PS samples, we carefully adjusted any misfit between the leg and the PS sample at the thigh, knee, and ankle.
3 Image analysis
For evaluation of the visual appeal, color photographs of the fronts of the legs were taken using a digital camera (Nikon model E3) fixed at a distance of 227 cm and a height of 112 cm. Figure 3 shows a schematic illustration of the experimental conditions. The wear experiment was carried out in a darkroom controlled at a temperature of 25°C and a humidity of 50% R.H. The light source was two artificial sun illuminants (SERIC model XC-500). The body of the subject except for the leg section was covered with a blackout curtain to eliminate possible effects of other light. The intensity of illumination from the light source was 400 lx near the legs of the subject. Color images of bare legs and legs in PS samples were converted into lightness data using a personal computer and marketed analysis software (MATLAB Ver.7.0.4).
In the lightness data, the distribution of lightness difference between the front legs with and without a PS sample was calculated by counting each pixel on the entire right leg of the subject [19] . Additionally, a ratio of lightness difference was calculated by dividing that difference by the lightness of the bare leg (L * ), because the three subjects have differences in skin tone. In this distribution, all of the pixels were classified into a three step-luminance rating labeled light lightness area (or white area)=0.02 ~ 0.07, medium lightness area (or gray area) = 0.08 ~ 0.13, and dark lightness area (or black area) = above 0.14. Moreover, both the area ratio and position of each lightness area on the entire leg were calculated and analyzed. Figure 4 shows the color images on an MM leg clad in the M size of PS Samples I and II. In comparison with Sample II, Sample I has greater three-dimensional leg appeal in PS, especially around the knee [14] . To clarify the visual differences between Samples I and II, the distribution of lightness difference ratio was analyzed. Figure 5 shows the distribution of lightness difference ratio and the area ratio of the three lightness areas. In these distributions, the three areas of light, medium and dark areas are indicated by a mark, mark, and mark, respectively. In comparison with Sample II, the area ratio of Sample I shows a decrease in the light area and an increase in the dark area. However, this area ratio is closer to that of the idealized model with a light : medium : dark ratio = 30 : 40 : 30 %, and is very nearly equal to that of the attractive leg image with the light : medium : dark ratio = 47.6 : 26.5 : 25.9 % mentioned above.
Results and discussion
1 Effects of area ratio and position of three lightness areas
To break down and analyze the three-dimensional appeal of legs in PS samples, three images of lightness areas were extracted from one image as shown in Fig. 5 . Each image in Fig. 6 has light, medium, and dark areas, respectively. In the image of the light lightness, the area is indicated by a mark and the other levels of lightness by a mark. In the same way, the medium lightness image is illustrated by a mark denoting the medium level of lightness area and a mark denoting the other levels of lightness. Correspondingly, the dark lightness image is illustrated by a mark indicating the dark lightness area and a mark for the other areas of lightness. Furthermore, to clarify a main position of each lightness area in these images, the light lightness area is denoted by a mark, the medium lightness area by a mark, and the dark lightness area by a mark. And we consider that, by superimposing these three 36 WAKAKO Lina, MATSUMOTO Yo-ichi, KANAI Hiroyuki, NISHIMATSU Toyonori, KIMURA Hirokazu, MOROOKA Hideo images, a three-dimensional illustration of an appealing leg clad in a PS sample can be created. It can be compared with the conceptual illustrations shown in Fig. 1 . Figure 6 shows conceptual illustrations of the threedimensional appeal of the leg in PS. The size of each lightness area is equal to the numerical value of the area ratio shown in Fig. 5 . Sample I shown in Fig. 6(1) shows the light area at the center of leg, the medium area adjacent to the light area, and the dark areas at the outer sides of the leg. This position is represented by the convex expression shown in Fig. 1(2) . Therefore, it was found that the threedimensional appeal of the leg in PS Sample I approximates the ideal. On the other hand, Sample II shown in Fig. 6(2) shows the dark area at the center of the leg, the medium area adjacent to the dark area, and the light area at the outer sides of the leg. This position represents the concave expression shown in Fig. 1(3) , one which does not enhance the threedimensional appeal of the leg in PS. Sample I was the most favorable PS in terms of both the wear experiment and the evaluation of visual impression among Japanese women [14] .
Accordingly, it was proved that the attractiveness of legs in PS can be evaluated by means of the area ratio and position of the three lightness areas in the distribution of lightness difference over the entire leg. knee. And then, Fig. 8 shows the area ratio and distribution of the three lightness areas on three kinds of legs wearing the M size of PS Sample I. In comparison with the MM leg, the area ratio in the MS leg has a significant decrease in the light area, a decrease in the medium area, and a significant increase in the dark area. On the other hand, the area ratio in the ML leg has decreases in both the light and medium areas and a significant increase in the dark area. Figure 9 shows the positions of the three lightness areas on MS and ML legs in the M size of PS Sample I. The size of each lightness area is equal to the numerical value of the area ratio shown in Fig. 8 . As shown in Fig. 9(1) , the MS leg has the dark area located at the center of the leg, the medium area adjacent to the dark area, and the light area at either side of the leg. The configuration represents by the concave expression shown in Fig. 1(3) . It is not as suitable for enhancing the visual appeal of leg in PS. On the other hand, the ML leg shown in Fig. 9 (2) has the light area located at the center of the leg, the medium area adjacent to the light area, and the dark areas at the outer sides of the leg. This configuration represents the convex expression shown in Fig. 1(2) . However, on the ML leg, this configuration is slightly less attractive because each lightness area has a 38 WAKAKO Lina, MATSUMOTO Yo-ichi, KANAI Hiroyuki, NISHIMATSU Toyonori, KIMURA Hirokazu, MOROOKA Hideo wider and less dense distribution. Therefore, it was found that, in comparison with the MM leg clad in M size PS, the MS and ML legs in the M size of PS have variations of the area ratio and position of the three lightness areas. These variations are considered to be as follows: In the case of a MS leg clad in the M size of PS, the PS fabric is stretched in the circumferential direction on the leg without the slack. And in the case of a ML leg being clad in the M size of PS, the PS fabric is stretched in the longitudinal direction of the leg. Although the direction of the stretch is different for each, the PS fabric on those two kinds of legs is stretched more than on the MM leg. This increased extension causes a larger loop size and a greater gap in the fabric, which causes the covering level of SCY per unit length to decrease because of core yarn extension. Thus, in these samples, although the fineness and color of the colored polyurethane core yarn varies with the leg, the fineness and color of the nylon covering yarn hardly varies. In general, this phenomenon is problematical and causes an undesirable appearance because the colorless polyurethane core yarn is very eye-catching. Therefore, legs clad in PS where this phenomenon has occurred do not have as much visual appeal because the differential between the leg and PS size brings about changes in the three-dimensional expression and sheerness due to an undesirable combination of the polyurethane core yarn and the nylon covering yarn in the PS.
2 Relationship between leg and medium-sized PS
Conclusion
To clarify the aesthetic properties of pantyhose in order to improve upon the beauty of Japanese women's bare legs and create a beautiful expression of legs in pantyhose, an image analysis and a wear experiment were conducted. Regarding visual appeal, the difference in the distribution of areas of lightness and the relationship between a woman's leg and a medium size pantyhose were investigated. The results showed the following: (1) the area ratio and position of light, medium, and dark areas in the distribution of lightness difference on the leg were very important factors for the visual appeal of legs in pantyhose; (2) it was desirable to design and produce the optimum size for a woman's leg to enhance the beauty of the leg clad in pantyhose.
Furthermore, to enhance the attractiveness of woman's legs in pantyhose, it is important to develop novel pantyhose matching the size and color of the individual leg and to set testing standards and evaluation methods to improve the aesthetic properties of pantyhose.
